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Introduction 
Cardioversion represents a milestone in Medical manage-
ment. For years medicine has sought some method of effective 
control of ventricular fibrillation and pre-fibrillatory 
.~ 
arrhythmias. It has been over 40 years since the introduction 
of quinidine. During this time, quinidine has been a valuable 
drug; along with procaineamide and digitalis, in controlling 
various arrhythmias. They have, unfortunately, been of no 
value in the treatment of ventrioular fibrillation. The 
major disadvantage of drug therapy lies in its necessity to 
titrate, whioh requires valuable time and introduoes the 
possibility of toxioity. 
DC oardioversion offers a new, effeotive, safe, simple 
tool for the treatment of ventricular fibrillation and ectopio 
arrhythmias. Discussed in this thesis will be the evolution 
of the method, the advantages the method offers, and the present 
day techniques employed as well as results which have so far 
been forthcoming. 
Theory of Cardioversion 
In 1940 Wiggers46- 491aid down the fundamental principles 
which have been considered to be the basis for the theory of 
cardioversion as practiced today. In effect, there are three 
principles which must be fulfilled if defibrillation or 
reversion of an ectopic tachycardia is to be acoomplished. 
They are: 
(1) Every trace of fibrillation must be abolished. 
If any fibrillating muscle remains, the heart 
will not be defibrillated. This means one must 
have electrodes of proper size and sufficient 
current. Lown33 states it in another way. 
!tAll fibers of the heart are depolarized at 
once, extinguishing the ectopic focus. Then 
normal pacemaker may resume.1t 
(2) The natural pacemaker of the heart must 
survive the electrical discharge. 
( 3) Reasonably vigorous contractions must ensue 
after defibrillation. 
AC Oardioversion 
The first work done on the conversion of ventricular 
fibrillation to a normal sinus rhythm was done in 1899 by 
Prevost and Batelli. In 1936, Ferris reported that in 60% 
of experimental animals, almost any countershock would arrest 
fibrillation. 33 In the early 1930's, Kouwenhoven, Hooker 
and Langworthy established early information about electrical 
defibrillation. They used 1.5 to 2.0 Amps at 120-130 volts. 
Paddles were applied directly to ttie heart in these experi-
. 22-26 
mental an1mals. It Was in 1936 that Wiggers developed 
the concept of open chest cardiac massage as a step in the 
treatment of ventricular arrest which might occur during the 
course of experiments on various animals. This was later 
developed more fully by Kouwenhoven who demonstrated that 
ventricular massage was possible through the olosed chest. 26 
In 194q Wiggers and Wegria 46-50 suggested defibrilla-
tion by means of 3-7 serial discharges at one second intervals. 
Approximately two (2) Amps would be delivered at each discharge. 
The former practice had been to use 25-30 Amps in one discharge. 
This, they claimed, defibrillated the cardiac muscle in sm~.l 
units making the sections of fibrillating muscle coarser and 
coarser until finally a final discharge in the series would 
depolarize the whole mass simultaneously and the whole musole 
would again beat as a unit. Throughout the 1930's and early 
1940' s there were sporadic reports of work in AO cardioversion 
b.1t all reports showed a high percentage of failures and 
dangerous side effects even in experimental animals. For 
these reasons, no one was willing to try such a dubious 
method on ~lmans. Finally in 1947, Beck t Pritchard, and 
Fei14 reported the first successful electrical defibrillation 
of a human heart. In this article they reported the use of 
AO defibrillation attempts in 6 humans in extremis. In all 
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cases the use seemed justified inasmuch as all these patients 
were very near death and this seemed the only possible method 
for saving these individuals, and certainly nothing could be 
lost by trying. Of the 6 patients, the first 5 expired. 
Finally, however, a 14 year old boy had begun to fibrillate 
during a thoracic operation. As the chest was already opened, 
there was no difficulty in applying the electrodes and adminis-
tering the shock. One hundred ten volt AC current was used 
at 1.5 Amps. Large electrodes were'used and the interval 
between two serial shocks was 0.1-0.5 seconds. 
The first shock produced no effect. The heart continued 
to fibrillate. The second shock put the heart in standstill. 
Aftera few. seconds, feeble but regular contractions were 
established and the blood pressure began tc rise. The patient 
recovered completely with no after effects. 
In 1951, Guyton and Satterfield18 and Mackay and Leeds36 
found that serial shocks were more effective in defibrillation 
of experimental animals than were single shocks. Mackay and 
Leeds36 also demonstrated the need for 3-5 times as much current 
for closed as for open chest defibrillation. 
Some work was done on the effectiveness of capaoitor 
disoharge, but results in this field were not nearly as good 
as those obtainable with AC shock. In view of the results 
obtained later with DC discharge by Lown, this is difficult 
to explain. 
Kouwenhoven, in 195428 in testing various capaCitor 
discharges, reports results which in all instandes were worse 
than results obtainable with AC. He stated that the differenoe 
was especially notioeable ;If the heart had been in fibrillation 
for greater than 30 seoonds. Beyond this time no capaoitor 
discharge of any setting would produce defibrillation. AC was 
then used to rescue these animals. In 1957, after further work 
with Capacitors, Kouwenhoven did report that defibrillation was 
possible, but that bulky equipment was needed which~ from a 
practical standpoint, was not feasible. Serial defibrillation 
was not possible because of the time required for the capacitoroo 
to acquire a charge. He also reported that prohibitively high 
voltage was necessary.29 Zoll and co_workers51- 55 from 1952 
through 1960, contributed a oonsiderable amount of literature 
relating to AD defibrillation. In 1956, these men demon-
strated the effectiveness of AC discharge in transthcracic 
defibrillation of a human heart. 53 With their instrument, 
which delivered 60 cps AC for 0.15 seconds at 180-720 volts, 
they terminated atrial, nodal and ventricular tachyoardias as 
well as ventricular fibrillations. Frequently, multiple shocks 
were required to achieve defibrillation. Deaths were common 
following the use of AC countershock but since many of the 
patients were in extremis, it was felt the fault was probablY:'~ 
not in the cardioverter. 
By 1956, the use of defibrillators using AC current was 
common in hospitals and recommended. The usual machine 
delivered from 200-700 volts. It was equipped with large 
copper electrodes used across the chest and delivered its 
current for a duration of about 0.15 seconds. 
In an editorial in the British Medical Journalll in 1956, 
successful use of the Zoll machine was reported in four (4) 
patients. Reports on patient use were slow in coming in at 
first because of the scarcity of patients and the severe 
restrictions of the indications for its employment. These 
restrictions were proper because of the relative unknown nature 
of the instrument and the few data which had been collected. 
·AS an example of this, in 1956 ZOl153 et, al. reported the 
use of the AC defibrillator in 11 occasions i[l 4 patients. 
Only one of these patients lived for more than five days 
following defibrillation. The only patient who lived was 
defibrillated three (3) times and lived for three (3) lilonths. 
5 
Other results from Kortz and Swan24 were also poor with 
respect to survivals. In their experiment, 30 animals underwent 
hypothermia and thoractomy and ventriculotomy. Of these 30 
animals, 16 fibri]lated. Of these, 15 were defibrillated with 
a Zoll type machine. Of these 15, 11 died in one week. Such 
results certainly were not good enough to make clinicians 
inclined to use this type of apparatus on their patients. 
29 . In 1957, Kouwenhoven used 60 cps AC, using 5 amps for 
0.25 seconds. Of the 101 total attempts at defibrillation in 
72 animals, 42 animals survived. Here, again, we see almost 
two-thirds of the experimental animals dying. Experiments 
beginning in the early 1930's and continuing up to the present, 
all show a high mortality rate following the use of AC for 
defibrilla tion. 
In Zoll t s 1960 report, he states that of 8 patients treated 
532 times with AC, 5 survived. 55 The survival times ranged from 
19 hours to 2t years, but the mortality is significantly almost 
50%. Again the usual 60 cps current for 0.15 seconds from 
150-450 volts was used. There have been reported successful 
cases of defibriillation without side effects uSing 60 cps 
current for 0.15 seconds, but they are in the minority. Crehan 
et.al. 9 reports a successful cardioversion of ventricular 
fibril1 a tion vd th a Zoll machine in 1962. 
Alexander, E1eiger and Lown in 1961, used a Zoll type 
machine on a patient in standstill. He improved initially, then 
went downhill and started fibrillating again three days later. 
The machine was used again and it returned the patient to a 
normal sinus rhythm which persisted. 
AC continued to be used th::r:"oughout the 1950' s, mainly 
because there was nothing else that could be used or that. 
was ~ailab1e which could produce a better record of successes. 
Occasionally, at least, AC was successful in saving a life ~~d 
therefore warranted being kept around for occasional use. It 
was not until DC cardioveysion was introduc'ed, that electrical 
6 
conversion of all types of arrhythmias became feasible. 
Vulnerable Phase 
In 1939, Wiggers and Wegria50 found that only electrical 
shocks which were applied during the urefractoryl1 period of the 
cardiac cycle would produce ventricular fibrillation. This was 
defined by Wiggers at that time, as being "late systole." No 
attempt was made to accurately delineate the time boundaries 
of this period. 
No further work was published on the location and duration 
of this suprasensitive period, until Lown et.al. 5 worked out the 
exact location of the vulnerable period. 
Using capacitor discharge, lasting 2.5 milliseconds, Lown 
systematically explored the cardiac cycle for the position of 
the vulnerable period. Two ~eriods of sensitivity were dis-
covered. The first was found to last about 30 milliseconds 
and began just before the peak of the T wave of the ElCG. Any 
electric shock during this perioe; would likely produce ventricular 
fibrillation. 
T~e second vulnerable period was located just after the peak 
of the R wave. Shocks delivered during this time would likely 
produce atrial fibrillation. 
No difference has been found in the vulnerable period if 
the shock is given extra or intra thoracically. The energy 
required to produce fibrillation varies from 0.5 to 10 Watt-
seconds. See Diagram I. 
Wiggers;50 found that ventricular fibrillation occured in 
approximately 2% of experimental animals, following random DC 
shocks~ This figure was considerably too high to allow a true 
clinical test of defibrillation 
Lown, et a1 33 have invented a synchronizing device which 
automatically triggers a DC discharge 5 milliseconds after the 
peak of the R wave. This prevents the discharge of the current 
during a vulnerable period. 
In 1955, Hoffman, etal19 demonstrated that shocks given 
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outside of the vulnerable period, elicit only extra systoles 
but not ventricular fibrillation. His study also showed that 
the relative refractory period is the 'only' time one can produce 
ventricular fibrillation with an electric shock. 
Known Causes of Ventricular Fibrillation37 
(1) Old myocardial infarctions and coronary occlusion 
(2) Hypothermia 
(3) The post hYQercapnic state 
(4) Electrocution 
(5) Drowning in fresh water 
(6) Cyolopropane and epinephrine when administered 
sinrul taneously 
(7) An uncommon toxic reaotion to Digitalis, Quinidine, 
and Procaine amide 
( 8) 
(9) 
A rare complioation of cardiao catheterization 
20 Hooker, et al fQ1::l.nd that large currents do not 
produce fibrillation, but rather initiate an asystole 
which is temporary. (e.,g. 2-5 seconds after the 
discharge, the beat is picked up again) Ventricular 
fibrillation was not produced in dogs using 2,200 
volts for from t to5 seconds, but was produced with 
110 volt, 0.8 amp current, open heart. 
Bellet5 states that a current just below threshold, about 
0.1 amp, for 1 second is about all one should impose on a human 
subject. 
Pathology in Hearts Following Cardioversion 
In 1954, Tedeschi44 published an artiole which was the first 
major morphologioal study performed on hearts whioh had been 
subjected to oardioversion. It is interesting to note that he 
observed burns in all animals receiving AC countershook. These 
injuries were related in degree, to the vol tags and number of 
shocks received by the heart and consisted of coagulative 
8 
necrosis and subepicardial hemorrhage. Only one of twenty-two 
dogs had changes in the heart when shocked with capacitor 
discharge. 
No damage was found when only cardiac massage had been 
performed. Padding electrodes with saline sponges apparently 
did not change the degree of necrosis. 
Lape and Maison 30 had observed myocardial burns after the 
direct application of AC discharge, but not after defibrillation 
with single capacitor discharge. In 1957, Kaiser, et a123 noted 
burns on hearts with voltages in excess of 230 volts AC. Kortz 
ans Swan22 noted at this time, that hearts would be seared if 
bare electrodes were used, but not if the defibrillating 
electrodes were padded with saline soaked sponges. This infor-
mation is in direct disagnaemelit.-wi th information presented above 
by Tedeschi. 44 
In 1932, Kouwenhoven observed that hearts were damaged to 
some extent by electric current and that the damage was confined 
to that area of the body in which the current density was higher. 
In 1951, Guyton and Satterfield18 reported that electric 
currents passing through a heart definitely increased its tem:per-
s.'tt:(rex and weakened it. MacLean and van Tyn 37 were more 
quantitative in the efforts and discovered that myocardial temper-
atures rose as high as 1490 F (65°C) when voltages in ~xcess of 
170 volts AC were used in serial shock. They also found 100-170 
volt AC shocks were safe if the time 'was under 0.15 seconds. 
36 Mackay observed no spinal cord effects in dogs following 
cardioversion. 
These results indicate that heart pathology wHl resul t with 
AC discharge used in greater than 230 volts. Temperature rises 
in myocardial tissue have been excessive with vol tages greater 
than 170. 
DC discharge apparently does not result in the damage to 
the myocardium that is accociated with AC. 
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Closed Chest Massage 
In cardiac arrest, from whatever cause, a cardioverter 
may be used to restore normal sinus rhythm and maintain the 
circulation. 
The use of a cardioverter is of no value, however, if 
cardiac anoxia has persisted for too long a time (e.g. greater 
than 3 minutes 20, 26, 27). Because of this, a method of 
maintaining the circulation for a limited period of ti~e, (until 
a cardioverter could be obtained) was developed. This is a olosed 
chest method of massage in which the oyerator plaoes his hands 
on the sternum and approximately 60 times per minute, leans on 
the chest of the prone patient and applies firm, verticali pressure. 
The sternum should move 3-4 em. with each push. With this method, 
mean circulatory pressure of from 60-100 mm Hg can be maintained 
up to 65 minutes. 
The heart is limited in its motion; anteriorly, by the sternum; 
posteriorly, by the vertebral bodies; and laterally, by the peri-
cardium. Thus, cyclic pressure on the sternum will produce a 
pump like action. If this above method is used along with mouth 
to mouth respiration, it is possible to transport a patient in 
arrest to a location where a cardioverter is available. 
DC Cardioversion 
The first work on electrical defibrillation was done by 
Prevost and Batelli in France in 1899. In their experiments, 
both AC and capacitor discharge were tested and found effective 
in defibrillating hearts. Other subsequent work in th~ United 
States by Kouwenhoven and Milnor28 and Guyton and Satterfield18 
showed resul ts which were at best, inconsistent. Kouwenhoven28~·. 
tested defibrillators with capacitors ranging from 25 to 250 
microfarads charged to voltages from 450 to 4,000 volts with 
various values of resistance and inductance in the circuit. 
Successful defibrillation with any type was considerably less 
than with only one applic~tion of AC. The difference was 
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especially noticeable of fibrillation has lasted longer than 
30 seconds, in which Case capacitor discharge could never produce 
a ~~ccessful defibrillation. AC current could, however, 
defibrillate up to 14 minutes following beginning of fibrillation. 
These early rerul ts, although inconclusive, tended to 
discourage workers in DC cardioversion because there seemed to 
be no clinical future for DC discharge. 
In 1954, Kouenhoven et al28 experimented with open and 
closed chest defibrillation in dogs. Fibrillation was produced 
with varying doses of current and then the dogs were given DC 
shocks. If the first shock failed to defibrillate the animal, 
then rubsequent shocks would be correspondingly higher until 
defibrillation was produced. 
Rerul ts in this series of experiments showed 32 defibrilla-
tions of 55 attempts in the open chest preparation. With the 
chest closed, there were 13 recoveries and 22 failures. These 
results indicated that DC had little future in cardioversion. 
The experiment also showed that of 119 successive discharges 
del'ivered with respect to the cardiac cycle, 18 ventricular 
fibrillations resulted. There have been several lllhich have been 
more successful since Kouwenhoven's experiments in 1954. 
It Was probably because of these results that further 
experimental work on capacitor discharge was discouraged. 
In 1962, Bernard Lown and co-workers published two papers 
which appeared within several month of each other. Both of 
these articles del t vIi th DC instead: of AC cardioversion, Both 
articles contained results of experiments with DC which indicated 
that it had more clinical potential than anyone had heretofore 
suspected. The results-of his ·experiments will be discussed in 
some detail because of their important effects in this field. 
The first article to be discussed dealt with ventricular 
fibrillation, which Was the initially intended use of cardio-
version. 
It he,a. beEn, prior te;;>. this article, that AC countershock 
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was the only treatment for ventricular fibrillation and this 
-VTas only rarely administered. This prooedure Was usually 
performed in the operating room. If a patient could not be 
readily transported to oardioverting equipment in time, he 
simply! died. 
With the advent of closed chest cardiac massage in 1960 
. 26 by Kouwenhoven, it became possible to combine closed chest 
massage with mouth to mouth respiration and thereby maintain 
blood pressure and respiration while the patient was transported 
to cardioverting apparatus. This could be done by relatively 
untrained persons. For these reasons it became, according to 
Low~33 necessary to determine the optimum method of defibrilla-
tion. The following experiments have this as their objective. 
In the first experiment, 65 dogs were divided into 3 groups. 
In the first group of 10 dogs, the minimal levels necessary to 
produce defibrillation 65% of the time, were found for AC andDDC. 
Results showed AC to require about 350 volts to revert 65% of 
the fibrillations produced. DC required 70 watt-seconds. Using 
AC current, 26% of defibrillation attempts showed subsequent 
ventricular tachycardia and 87% of the dogs showed atrial fibrilla-
tion. Transient ventricular and atrial arrhythmias were commonly 
observed. Currents of injury were frequently seen on the EKG. 
With the use of AC, atrial fibrillation was found in 174 of 200 
reversions (87%). Following DC shock, the incidence of atrial 
fibrillation was only 0.9% or 5 episodes in 550 reversions. 
ST segment changes were found in 32% of DC and 50% of AC 
reversions. 
A second group of 25 dogs received fixed levels of 350 
volts AC and 70 Watt-seconds DC. Ten dogs were given AC, and 
of these, 5 died. Of 15 dogs receiving DC, none died. 
A third group of 30 dogs were subjected to varying intensity 
levels of AC and DC. Ten dogs received 158 AC shocks from 25 to 
750 volts. Ventricular fibri11~tion occured after 27% of the 
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shocks and 2 of the 10 dogs died. The incidence Was inversely 
related to the voltage. i.e. 45% of shocks at 50 volts but only 
13% of shocks at 750 volts caused ventricular fibrillation. 
These findings are consistant with earlier results by other 
workers. 
Atrial fibrillation occurred after 80% of AC shocks and 
was found to be directly related to the voltage employed. 
Of the 20 dogs receiving 458 DC shooks, ventricular 
fibrillation was observed in 6', for ~ inoidenoe of 1.3%. 
The most frequent arrhythmia was ventrioular taohycardia which 
was observed in 22% of DC shooks. 
Ccmparison of above results indioates an almost over-
whelming superiority of DC because of practioally compiete 
laok of side effects with the exception of ventricular tachy-
cardia. We se~ however, AC disoharge producing atrial fibrill-
ation on 80-87% of defibrillation attempts. One-fifth of d.ogs 
treated with AC, died but none died with DC. Ventricular 
fibrillation was observed with 27% of AC shock, but only 1. 3% 
of DC attempts. These results would certainly indioate that 
DC must be more valuable than previously thought. 
Lewn's second major experiment involved the use of capaci~or 
discharge in treatment of cardiac arrhythmias. 33 In this experi-
ment, 12 patients received AC shock; 8 for ventricular tachy-
cardi~; 2 for ventricular arrhythmias; 1 for nodal taChycardia; 
and 1 for atrial fibrillation. Of these 12 patients, 4 suffered 
ventricular fibrillati~n following the use of AG, and additional 
shocks were neoessary for defibrillation. One of these patients 
died. Without taki~g into aocount all the varicus nuanoes which 
could be pointed out regarding the health of these pl.tients, it 
wd~be observed that the statistics here presented regarding 
use of AC in humans, correlates closely to results found in 
experimental animals. 
Five patients with 9 episodes of ventricular tachycardia, 
were given DC shocks. OfYhese, all 9 reverted with one 
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synchronized shock. 
These resul ts were so encouraging that ·;the DO cardio-
verter was tried on 10 patients with atrial fibrillation. Of 
these 10 patients, 8 reverted to a normal simls rhythm. All 
had been refractory to quinidine management. One chronic atrial 
flutter was reverted to normal sinus rhythm, as well as two 
II double tachycardias. It, 
These results would certainly seem to indicate that DO 
perhaps has some superiority over AC in cardioversion. 
Almost a year elapsed before a;ny further data were published 
comparing AO and DO results. In August1963, Lown et a1 35 , 
published an article relating the further use of DO cardioversion 
in the treatment of atrial fibrillation. 
Case studies were reported of 65 episodes of atrial fibrilla-
tion observed in 50 patients. Of these, 58 were successfully 
reverted (89%). All but three of these patients had rheumatic 
heart disease with mitral stenosis or insufficiency. To date, 
the best reported percentage of cures with drug therapy (Quinidine) 
is about 47%. 
In May 1963, at Atlantic Oity, Lown presented results of the 
use of cardioversion in the treatment of ectopic tachycardias. 34 
Twenty-five episodes of ventricular tachycardia were successfully 
treated in 11 patients. None of these showed untoward effects. 
It can be seen that some of these patients must have reverted to 
their arrhythmia several times, therefore cardioversion does not 
necessarily offer a permanent solution to arrhythmia, but rather 
is of use in correction of an individual episode while drug 
therapy, used in con.junction, offers the best hope of maintaining 
permanent reversion. 
Of 103 episodes of atrial fibrillation in 85 patients, 91% 
were suocessfully reverted. Quinidine had been tried in 38 of 
these patients andhad been successful only in 6 (15.8%). 
Reversion to atrial fibrillation in these patients in reported 
as common. Again this suggests the need for a more permanent 
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method of maintenance. Probably best supplied by drug therapy. 
In this study, Lown reports 15 patients with atrial flutter 
were all success~llly reverted. Five episodes of supraventrimllar 
tachycardia were all reverted. 
Treatment for ectopic tachycardias prior to 1962 consisted 
either of quinidine, procainamide, or a digi~lis product. 
Reversion of an ectopic tachycardia using these drugs, is a time 
consuming and even dangerou$ process which is often unsuccessful. 
Of 611 Q9,ses reported by Thomson,45 the death rate which he 
ascribes to quinidine alone was 3.3%. He further observed embolism 
episodes in 2.3% of 418 patients. Drug therapy as seen offers 
toxicity, a time consuming process, and intensive observation. 
Cardioversion is fast, safe, and simple. As mentioned, DC cardio-
versions main discrepancy is lack of permanency. Perhaps a combi-
nation of the best of both methods would supply patients needs, 
Le. the safe rapidity of cardioversion and maintenance of drug 
therapy. 
It should be noted that the failures of cardioversion in 
atrial fibrillation were in patients who had multivalvular disease 
or significant mitral valve regurgitation. Of 352 discharges 
required to achieve 89% success of atrial defibrillation, not one 
case of ventricular fibrillation, ventricular tachycardia or 
cardiac standstill resulted. Cardioversion then, shows better 
than 90% total success with the various forms of ectopic tachy-
cardia, while drug therapy alone produces only a 41% success rate 
wi th considerable danger. 
Another experiment was published by Lefemine et al 3l in 1962 
in whichAC and DC were compared under hypothermic-conditions. 
Such conditions are frequently found in open heart surgery where 
many hearts go into fibrillation. In this study, defibrillation 
was attempted 172 times in dogs with DC and 131 times with AC. 
The temperatures ran from 20 degrees to 31 degrees Centigrade. 
Failure of the AC unit was defined as inability to defibrillate 
wi th a series of three seriOid shocks of 1,000 vo1 ts each, delivered 
15 
for 0.15 seconds. DC failed to defibrillate the dogs twice in 
this study for an indicence of 1.2%, whereas AC failed 20 times 
for a failure incidence of 15%. It also happened that DC dis-
charge restored a normal sinus rhythm in all 20 of the AC 
failures. 
The average energy levels required for defibrillation were 
higher for AC than for DC and it was also found that DC discharge 
produced no temperature rise in the myocardium whereas AC dis-
charge consistently produced a 1-2 degree rise in temperature. 
Use in patients in open heart ,surgery hasshown DC oonsist-
ently effectiv~ at temperatures from 24-34 degrees Centigrade. 51 
The Instrument for DC Discharge 
The usual DC defibrillator available on the market today 
oonsists of four parts: 
(l)~' A DC defibrillator which delivers a single, monophasic 
pulse of 2.5 milliseconds duration. Energy levels are 
available from 0-400 Watt-Seconds. 
(2) A synchronizing device which permits discharge which 
will avoid the vulnerable period. In the American 
Optical device, the discharge is timed to deliver, just 
after the peak of the R wave. To deliver the capacitor 
discharge at this period necessitates 
(3) A cardiac monitor (EKG) 
(4) An oscilloscope for direct observation of the type 
of arrhythmia being dealt with. 
The discharge burst is administered by means of heavily 
insulated, large, electrode paddles. The ohest is covered with 
conductbre paste. (See Application of Electrodes.) The discharge 
is controlled by either an automatic control which delivers the 
current after the peak of the R wave (lead 2 is usually used) or, 
in theoase of ventriou.lar fibrillation where there is no R wave, 
the burst may be given manually at any desired point. 
Generally, low levels of approximately 70 Watt-Seconds are 
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used at first, and inoreaseo_ progressively, as necessary, for 
reversion. 
Indications for Cardioversion 
The early indications for cardioversion were rather more 
serious than those which have evolved within the last iwo years. 
ZOll,52 in 1956, described countershock as being indicated in 
any desperate or intolerable situation, e. g. when the patient i.s 
moribund, comatose or in advanced decomposition with no chance 
for extensive drug therapy. 
In 1962, Master and Rosenfeld39 describe the use of cardio-
version only in "life threatening situations,!' Le. ventricular 
tachycardia, ventricular fibrillation and acute arrhythmias due 
to digitalis toxicity. Master and Rosenfeld added a few limited 
situations to the indications for cardioversion and as experience 
wi th its uses and resal ts has grown, the list of indications 
has expanded. At the present time, this device has been used 
with ventricular fibrillation, ventricular tachycardia, supra-
ventricular tachycardia, paroxysmal atrial tachyoardia with block, 
atrial flutter and atrial fibrillation. All of the above have 
been treated with beneficial results. 
Cardioversion is not particularly effective in Cases of 
~ecurring bouts of tachycardia. In cases like these, it may be 
used on the individual attack, but drug therapy should be used 
in conjunction, Eellet. 5 
Anesthesia Prior to Cardioversion 
In early reports, patients were generally given a barbi-
turate for sedation one hour before the expected time of cardio-
Version. At the time of the cardioversion, thiopental was given 
IV which lasted 3-5 minutes. This waS just enough time to 
attach the necessary leads and perform the cardioversion. 
Reoently, Stock8 indicated that thiopental may not be necessa~J 
with additional mortality. attendant upon general anesthesia. 
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In his patients, he has been administering meperidine prior to 
cardioversion and believes no thiopental is necessary. His 
patients have been Questioned about a sensation which accompanies 
cardioversion, and they report it as not being entirely painful 
even though there is considerable muscle spasm associated with 
the procedure. Some patients have undergone the procedure a 
second time with only meperidine as analgesia. 
Premedication 
It is now being generally a~cepted that the use of Quinidine 
prophylacticaJ.ly, before the attempted cardioversion of ectopic 
tachycardaas, is valuable. 
There are difficulties which attend the use of Quinidine, 
however, which are not found with cardioversion: 
(1) The effective dose of Quinidine cannot be accurately 
predicted. 
(2) Titration is an essential procedure which is time 
consuming. In the acutely ill patient, this time lag 
may be sufficient to be fatal. 
(3) There are dangers of toxicity with Quinidine which are 
not minimal. 
Even with these difficulties for patients in atrial fibrilla-
tion, 300 mgms of Quinidine is given 2 hcurs before cardioversion. 35 
Site of Electrode Application 
Placement of electrodes should Clbviou.sly be of such advantage 
as to allow the passage of the must current through' the myocardium. 
Kouwenhoven,et al25 in 1932, in experiments on dog~'fouhd that 
in using transverse thoracic leads, the myocardium received only 
3% of th e total current provided, whereas wi th longitudinally 
placed leads, the myocardium received 7.8% of the total provided 
dose. In the later study, Kouwebhoven showed that 8-12 amps 
were required for defibrillation using transverse thoracio 
electrodes, whereas only ~3.5 to 6.7 amps were needed for longi-
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tudinal electrodes. 29 These findings would seem to indicate 
that a longi tudll.nal placement of electrodes would defibrillate 
with less, total current. 
The only difficulty with a longitudinal placement of 
electrodes is that a considerable amount of tissue other than 
the myocardium is supplied with current. 
The presently accepted method of electrode application, on 
human~ is something of a compromise of both methods. Electrodes 
are placed at the second right intercostal space and tn thEll 
midaxillary line at the level of the fifth intercostal space on 
33 the left. 
Material in the Electrodes 
Zoll has used a round copper electrode 7.5 cm in dia~eter 
and held to the chest with an encircling band. 54 Kouwenhoven 
has used 4" x 6.1' soft, sheet copper electrodes. 29 Lately, 
conductive jelly has been used in conjunction with the paddles. 33 
Electrode Size 
The size of electrodes necessary or optimum in defibrilla-
tion WaS only of moderate interest to early workers and small 
mention is made in early literature. Guyton and Satterfieldl8 
were the first to accurately describe the Value of electrode 
size on defibrillation. 20 
Using 110 volt, AC current, they found that in u.sing 8 cm 
diameter electrodes, they could stop ventricular fibrillation 
practically at will. If electrodes 3 cm in diameter were used, 
1 dog in 5 would not stop defibrillating. If electrodes less 
than 3 em in diameter were used, the dogs could not be made to 
stop fibrillating at all. They also found that with large 
electrodes, less total voltage was needed. 
McLean and van Tyn37 discovered. in 1961, that large elec-
trodes were more advantageous thal'l small ones. They state 
that to terminate fibril l,.ation , it is necessary to depolarize 
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the entire heart at one and that such a thing is not possible 
with small electrodes. In the use of small paddles, both the 
vol tage and current nIU.st be increased with resul tant increaeed 
damage to the myocardium. 
In their experiment, 20 dogs were subjected to artificial 
induction of ventricular fibrillation 115 times. Using the 
open chest defibrillatory tec~~ique, and 110 volts for 0.1 
second, ~th paddles 5 centimeters in diameter, only 5 dogs 
failed to revert to a normal sinus rhythm. When paddles 7.6 
centimeters in diameter were applied., even these previous 5 
reverted to normal sinus rhythm without use of higher voltage. 
These authors also found that with small paddles, even angle 
AC shocks produced dangerous temperature rise in the myocardium. 
The above evidenoe then indicates a need for eleotrodes 
whioh are, optimally, at least as large as the myooardium. 
Requirements of an Ideal Defibrillator 
Lown set forth the requirements of an ideal defibrillator 
in 1962. "The eotopio mechanism should be oontrolled instantly 
and consistently without damage to the myooardium, impairment 
of oonractili ty, or depression of normal pacemakers." Inasmu:dh 
as oan be determined with the present available evidence, DC 
oardioversion seems to offer this. 
Cardiac Mechanisms Following Countershook 
Following the DC shook, which lasts approximately 2.5 milli-
seoonds, the heart will be observed to be in a period of asystole 
for several seconds. (See aooompanying reoord) Following this, 
the heart rate may revert direotly to regular sinus rhythm. 
Frequently, nowever, a transient arrhythmia is found whioh may 
oonsist of multiply premature beats, ooupled rhythm, and esoape 
beats. These arrhythmias are transient as a rule and usually 
only persist for a few seconds up to a minute. With AC disoharge, 
ST segment changes may be .~een for several seeks. In most cases, 
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by 10-15 minutes following cardioversion, the patterns have 
returned to normal. 
Following cardioversion, breathlessnes~, dyspnea, conges-
tive phenomena, precordial pain or discomfort will disappear. 
Quantitatively, there is better oxygen saturation, a normal 
A-V difference, increased stroke volume and increased cardiac 
output. 5 
The chief hazard is, of course, ventricular fibrillation. 
With properly synchronized discharge (see Vulnerable Period) 
a 
it is/fairly simple procedure to apply current outside these 
vulnerable periods. 
Experimental evidence of the efficacy of the DC Cardioverter· 
is presented as well as a; typical example of cardiac response 
following countershock. See Diagram II. 
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Experiment 
~bjec~~ Recent experimental evidence indicated that capacitor 
discharge is very effective in the treatment'of ventricular 
fibrillation and ectopic tachycardias. This experiment attempts 
to verify these findings. 
~~terial and Methods: A 9 kilogram dog in good condition was 
anesthetized with thiopental. Initial heart rate was 120 beats 
per minute. (See Strip I) The animal was put into fibrillatio~ 
with 130 volt AC applied over 0.5 second, using the small tip 
electrodes across the shaved, intact chest. (See Strip II) 
The instrument nsei for defibrillation is described on pages 
16-11, and is the type apparatus u~ed by Lown. 
Resul ts: The initial defibrillatory attempt Was done at 170 
Watt-Seconds for 2.5 milliseconds. Applications of the electrodes 
were transverse aoross the chest. Only one attempt was needed 
to defibrillate this animal. After application of the counter-
shock, the recording oscilloscope deviated completely and no 
recording was made for approximately 0.1 seconds. (See Strip III) 
Following this, the heart activity showed multiphasic activity 
with no recognizable pattern for 4.0 seconds. (StrippIII) The 
heart then returned to normal sinus rhythm. In this part of 
the record, (Strip IV) we see negative displacement of the 
S-T segment, probably representing an injury vector. Heart rate 
at this time was about 60 beats per minute. 
kt this time, the animal's respirations began to slow and 
after approximately one minute, stopped. Artificial respiration 
was begun immediately. (See Strip V) The animal resumed control 
of his own respirations wi thin two minutes. Following this, the 
heart began to show premature beats and normal beats, both 
appearing regularly. The heart appeared to be responding to 
both the normal sinus pacemaker and an ectopic focus. (Strip VI) 
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This arrhythmia lasted less than a minute. Following this, 
the heart returned to normal sinus rhythm, and remained as 
such. The animal showed no ill effects after the experiment. 
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Summary 
Cardioversion is based on theories proposed by Wiggers 
in the early 1930's. At that time, he stated that in order to 
achieve defibrillation of cardiac muscle, it was necessary that 
every fiber of myocardium be simultaneously depolarized. When 
this was done, the ectopic focus would be eliminated, re-entry 
would be obliviated and the normal sinus mechanisms would again 
resume control. 
Prevost and Batelli, in 1899, were the first to notice the 
value of electrical discharge on the myocardium and the possible 
use in the treatment of various disorders. Since their initial 
experiments, work has prooeeded steadily. At first, in the early 
1900's, most emphasis was put on the development of alternating 
ourrent d.evices whioh could be used in the therapy of ventricular 
fibrillation. There ware a few attempts to develop a oapacitor 
disoharge device which might also prove to be effeotive. 
Early experiments produced data which lead many to believe 
that devices employing capacitor discharge were very ineffeotual. 
Consequently, most effort was spent in trying to develop an 
alternating ourrent device whioh would be valuable. 
Many different voltages for varying durations of time were 
employed. It was discovered early, that small voltages seemed, 
paradoxically, to be more consistent in produoing fibrillation, 
while large voltages were more effectual in stopping fibrillation. 
Experimental results in the use of alternating ourrent always 
had large mortality rates and this type of current seemed to 
produce a large number of inoidental serious arrhythmias, suoh 
as ventricular tachyoardia, in about one-third of attempts. 
A~rial fibrillation was observed as high as 70% of the time 
following alternating current shocks of almost any voltage or 
any duration. Capacitor discharge seemed to be even less effectual 
than alternating current disoharge. 
Incidental findings which were of value, such as the dis-
oovery of a suprasensitiv§ period of the heart, were made during 
24 
these early experiments. Any electric shock delivered during 
these periods prod~ces ventricular or atrial fibrillation. ~~so 
discovered, were the various things which could. produce ventri-
cular fibrillation. During the use of all the electrical appar-
atus;; on myocardiaJ. tissue, much pathology was studied on the 
various effects of current on tissue. 
Because cardioversion was not really used much, it didn't 
develop rapidly until Kouwenhoven published the results of two 
experiments he had run, in which people were kept aJ.ive for as 
long as 65 minutes and blood pressure,s maintained between 60 
and 100 mID Hg with closed chest cardiac massage. This theIl., 
made it possible for untrained people to keep anyone alive who 
happened to have a Stokes-Adams attack on the street, and trans-
port them to where they could get to a defibrillator or vice 
versa. 
This reaJ.ly created a need for the best method of practical 
cardioversion. A machine was needed which could convert 
successfully, a large percentage of the time without the d.is-
advantages of a multiplicity 'of post shock arrhythmias. 
Subsequent experiments'by Lown, showed that capacitor 
discharge as an effective means of eardioversion, had been grossly 
neglected. First reports, at least, indicated rather greater 
success than anyone had enjoyed before the early 1900's. Clinical 
work showed the capacitor discharge device invented by Lown and 
co-workers, to be almost 100~ effective in defibrillating, as 
well as approximately 90% effective in treatment of all other 
ectopic tachycardias. If these results are duplioable, DC 
cardioversion is a very significant advance in the treatment of 
aU'rhythmia. 
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Conclusions 
(1) Complete depolarization of all myocardial fibers 
is necessary before a heart will defibrillate. 
(2) A supersensitive period of the heart muscle exists 
shortly after depolarization of the myocardium. Shocks 
administered during this period will consistently produce 
atrial or ventrioular fibrillation. A different period exists 
for both upper and lower chambers. 
(3) Large electrodes are necessary to achieve complete 
depolariz~tion of myooardial fibers simultaneously. 
(4) Capacitor discharge offers a more physiologic method 
of depolarization of myooardial tissue than does alternating 
current. 
(5) DC Cardioversion is exoellent for terminating indivi-
dual eposides of cardiac arrhythmia, but has no oapaoi ty to 
maintain normal sinus rhythm. 
(6) Drug therapy is neoessary in oonjunotion with oardio-
version for maintaining permanenoy of normal sinus rhythm. 
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